Objectives: This study aimed to investigate the association between pre-pregnancy maternal body mass index (BMI), gestational weight gain and low birth weight (LBW) in babies born to a sample population of Omani women. Methods: A case-control study was carried out among deliveries registered between 1 st May 2010 and 30 th April 2011 at Sultan Qaboos University Hospital, Muscat, Oman. A case was defined as a woman who delivered a low birth weight baby (<2,500 g); a control was a woman delivering a baby weighing between 2,500 and 4,000 g. A random selection of 150 cases and 300 controls was carried out using the hospital information system. Maternal, pre-natal, and delivery data were extracted from the mothers' follow-up cards. Bivariate and multivariate logistic regression analyses were executed to examine the association between pre-pregnancy maternal BMI and LBW. Results: The percentage of underweight mothers (BMI <18.5) was higher among the cases compared to the controls (17.3% versus 6%; P <0.001). The proportion of mothers with less-than-recommended weight gain was also higher among the cases compared to the controls (57.7% versus 33%; P <0.001). After adjustment for potential confounders, infants of underweight mothers had more than twice the risk of LBW compared to those of mothers with normal weight (odds ratio = 2.27; 95% confidence interval 1. 09-4.71). Conclusion: Underweight Omani women as well as women with less-than-recommended gestational weight gain were at higher risk of delivering LBW babies. Maternal health promotion programmes should be directed towards improving mothers' nutrition before and during pregnancies.
T he World Health Organization (WHO) defines low birth weight (LBW) as weight at birth of less than 2,500 g. Infants with LBW are approximately 20 times more likely to die than heavier babies.¹ LBW affects a person throughout life and is associated with poor growth in childhood and, subsequently, a higher incidence of adult diseases, such as type 2 diabetes (DM), hypertension (HTN) and cardiovascular disease.² At the population level, LBW is an indicator of numerous public health problems, such as longterm maternal malnutrition, ill health, overwork and poor care during pregnancy. At the individual level, LBW is a predictor of newborn health and survival. Furthermore, in healthcare scenarios, the success of a maternal-child health programme can be evaluated and monitored using the incidence of LBW babies as a key indicator.³ In developing countries, 19 million babies (16%) per year are born with LBW. Asia has the highest incidence of low birthweight, with 18% of all babies weighing under 2,500 grams at birth. Mauritania, Pakistan, the Sudan and Yemen all have an estimated low birthweight incidence of more than 30%. However, the figures may be much higher since 60% newborns in developing countries are not weighed at birth. 2 LBW can result from prematurity, fetal growth restriction or fetal pathology, or it can be constitutional.
The nutritional status of women plays a crucial role for the well-being of both the mother and their developing fetuses. Two independent factorspre-maternal body mass index (BMI) and weight gain during pregnancy-play important roles in determining the outcome of the pregnancy for both the mother and fetus. 4 Various reports have documented the significant effect of these two factors and their impact on the outcomes of pregnancy, especially in developing countries. [5] [6] [7] Oman is a developing nation on the Arabian Peninsula, with a population of around 3 million, but the Omanis constitute only 65% of the population according to recent statistics. 8 In Oman, the incidence of LBW was estimated to be around 9.2% in 2009 compared to 8.1% in 2000. 9 Omani children with LBW are at a higher risk of being underweight when they grow up. 10 This study aimed to evaluate the association of maternal BMI before pregnancy and gestational weight gain on LBW babies in a cohort of Omani women at Sultan Qaboos University Hospital (SQUH), a tertiary teaching hospital in Muscat, Oman.
Methods
A case-control study was carried out among Omani women who delivered at SQUH from the 1 st May 2010 to 30 th April 2011. Both the cases and the controls were identified using the computerised hospital information system. A list of deliveries at SQUH during the study period was generated and organised into two groups: cases and controls. A case was defined as a woman who delivered a LBW baby (<2,500 g) and a control as a woman delivering a baby weighing 2,500-4,000 g. A total of 150 cases and 300 controls were selected based on an expected prevalence of maternal underweight among LBW babies (15%) being two times higher than the prevalence of maternal underweight among normal weight babies, with a power of 80% and an error (a) of 5%. 10 The allocation ratio was 1:2. Subjects were selected using systematic sampling of every fifth case and of every ninth control.
Medical record numbers (MRN) of cases and controls were used to extract maternal, prenatal and delivery data from the mothers' follow-up cards. Variables included in the data collection were maternal age, pre-pregnancy BMI, gravidity, gestational age and weight gain, past medical history, antenatal complications, the baby's gender and mode of delivery.
The pre-pregnancy weights of mothers were obtained from the mothers' health cards if their first prenatal visit was before 13 weeks' gestation, as weight does not change in the first trimester. Pregnant women with a first visit made after 13 weeks' gestation were excluded to avoid errors in the measurement of weight and height. Then, prepregnancy BMI was calculated as pre-pregnancy weight in Kg divided by measured height in metres squared. 11 The WHO definitions of BMI for the Omani population were used as follows:
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underweight (BMI <18.5), normal (BMI ≥18.5 and <25), overweight (BMI ≥25 and <30), and obese (BMI ≥30). 11 The classifications of the US Institute of Medicine (IOM) for recommended gestational weight gain were used according to specific BMI. 12 Means and standard deviations for parametric variables and frequencies and percentages for categorical data were described. The two sample proportions were tested with the chi-square test. Both bivariate and multivariate logistic regression analyses were carried out using Statistical Package for the Social Sciences (SPSS), Version 19 (IBM Corp., Chicago, Illinois, USA) to examine the association between LBW, maternal BMI and gestational weight gain with adjustment of potential confounders such as pregnancy-induced HTN or prematurity. All high-risk pregnancies, for example those complicated by preeclampsia, systemic lupus erythematosus (SLE) and HTN were followed-up with fetal Doppler scans. The study was approved by the Ethics Committee of the College of Medicine & Health Sciences at Sultan Qaboos University. Table 1 shows the distribution of cases and controls according to the demographic and clinical characteristics of the mothers. The mean age among the cases was 27.8 ± 5.7 years compared to 29.3 ± 5.3 years in the control group (P = 0.004). The average gestational age was 37.6 ± 2.1 weeks and the average weight of the babies was 2,773.3 ± 595.6 g. There were more primiparous women in the case group (33.3%) and more multiparous women in the control group (74.7%). The average number of women with pregnancies complicated by pregnancy-induced HTN and premature rupture of membrane (PROM) was higher among the cases (9.3 and 5.3%, respectively) than the controls (1.7 and 0.3%, respectively; P ≤0.001). Neither the mode of delivery nor the gender of the babies was found to be associated with LBW (P = 0.154 and P = 0.841, respectively). Figure 1 shows the distribution of BMI groups in both cases and controls. The percentage of underweight mothers (BMI <18.5) was higher among the cases compared to the controls (17.3% versus 6%, P <0.001). On the other hand, mothers with normal weight babies were more often overweight or obese compared to mothers with LBW babies. Figure 2 shows the distribution of recommended weight gain groups according to BMI. The percentage of cases with less-thanrecommended weight gain was higher among the cases compared to the controls (57.7% versus 33%; P <0.001). Table 2 presents the adjusted odds ratio (OR) with 95% confidence interval (CI) for BMI groups, using normal BMI as the reference category, and gestational weight gain groups, with recommended gestational weight gain as the reference category. Adjustments were made for the effect of maternal age, gravidity, gestational age at delivery, pregnancyinduced HTN and premature rupture of membrane (PROM). The OR of LBW was 2.27 times higher among underweight mothers compared to 0.83 among overweight and 0.75 among obese mothers. Furthermore, the OR of LBW was 2.67 times higher in women who gained less than the recommended gestational weight compared to women who gained the recommended weight.
Results

Discussion
This study was the first to examine the relationship between pre-pregnancy BMI, gestational weight gain and LBW babies in Oman. The negative health consequences of a high incidence of LBW babies in a country puts considerable strain on its healthcare resources, facilities and future plans. 2 Therefore, many international organisations, such as WHO have expended considerable effort towards improving the global burden of LBW.
This study specifically highlights the effects of pre-pregnancy BMI and gestational weight gain on LBW deliveries. Several maternal factors may contribute to LBW babies. Some of these factors, such as weight, gestational weight gain, smoking and socioeconomic status, are modifiable; however, others, such as age, height and inherited diseases, are not modifiable.
The age of the mother can play both harmful and protective roles in relation to LBW. This study found that most women younger than 20 years gave birth to LBW babies whereas most who were over 35 years gave birth to normal weight babies. This fact has been shown in previous studies in which youth counts as a risk factor for LBW and older age as a protector. The latter may be attributed mainly to the higher parity in older women. 13 In the current sample, about 36% of cases and 35% of controls were between 25 and 29 years of age, which demonstrates the fact that the age at which women get married in Oman has increased due to lifestyle changes and increasing levels of education. 5 Delivering before the expected due date (preterm <37 weeks) has a significant impact on the weight of the baby and acts as a risk factor for intellectual and physical development in future life. The factors influencing birth weight and prematurity included smoking, HTN (both pre-pregnancy or pregnancyinduced), DM, anaemia, the weight of mothers before pregnancy, preterm PROM, and gestational weight gain. [14] [15] [16] In this study, it was found that those women who gave birth before 37 weeks were at about a 27.3% higher risk of delivering LBW babies [ Table 1 ]; the major factors influencing this situation were pregnancy-induced HTN and preterm PROM. Even after adjusting for preterm deliveries, there was a significant relationship between maternal weight gain, BMI and LBW in the current study.
Several studies have shown a direct relationship between a mother's health status before and during pregnancy, and LBW. [17] [18] [19] In this study, a medical history including all possible diseases that mothers suffered before pregnancy was analysed, but there was no significant difference between the cases and controls. The diseases that mothers may have had during pregnancy, especially pregnancy-induced HTN and PROM, were associated with LBW of newborns. There were no pathologies, such as abnormal cord insertions, in either the case or control groups.
The nutritional status of the mother prior to, during, or after pregnancy directly influences the health status of the fetus. Pre-pregnancy BMI and gestational weight gain have been studied and found to have an important impact on the birth weight and future health of babies. 20, 21 In the current study, underweight mothers or those who gained less weight than recommended had a two times greater risk of giving birth to LBW babies compared to women with a normal BMI. This finding is consistent with the results of other studies. [22] [23] [24] As with many other observational studies, this study was prone to errors, including selection bias, misclassification and confounding. First, selection bias may have occurred because women delivering at a tertiary hospital may already have a higher prevalence of risk factors compared to women delivering at other types of hospitals. Therefore, because the controls were selected from the same hospital, such bias may have led to an underestimation of the OR. In addition, the exclusion of mothers who had their first prenatal visit after 13 weeks' gestation may have introduced a potential selection bias into the estimates. An underestimation of the OR is likely if those who were excluded were likely to be mothers who were underweight. Secondly, because the data was gathered from patient files, information bias or misclassification may have also influenced the study. However, due to the fact that all the exposure data were measured before the delivery of the babies, such misclassification would most likely be non-differential and may not have influenced the estimates. Finally, unmeasured confounders such as socioeconomic factors and the educational levels of mothers may also have affected the findings of this study. Smoking was not adjusted for because it is extremely rare in Oman (only three cases in this study).
Conclusion
This study showed that underweight women, as well as women with less-than-recommended gestational weight gain, were at higher risk of delivering LBW babies. Thus, it is recommended that the issue of appropriate weight gain in relation to pre-pregnancy BMI should be included during prenatal consultations with women of childbearing age as well as pregnant women. Accordingly, more attention needs to be given to nutrition-related consultations offered by health providers during prenatal visits. Further research is needed to explore possible relevant interventions pertaining to improving weight gain during pregnancy.
